Resurgence of multidrug resistant tuberculosis has lead to demand for rapid susceptibility testing. Conventional methods take > 3 weeks and are tedious. Automated methods have superseded them for first line drug susceptibility testing. An attempt was made to standardize first and second line susceptibility testing using the BacT Alert 3D system (Biomerieux). And compare results with Lowenstein Jensen's (LJ) method. 121 isolates of Mycobacterium tuberculosis, 67 pulmonary and 54 extra pulmonary were subjected to sensitivity to first and second line drugs. Multidrug resistance was detected equally by both methods at 15.7%. 100% agreement was observed between the two methods for aminoglycosides, rifampicin, ethionamide and ciprofloxacin. 91.5% agreement was observed for isoniazid, 85% for pyrazinamide and 72.4% for ethambutol. The time taken by LJ method was 18-32 days and BacT Alert 3D system took 4-12 days. In the lesser developed nations where tuberculosis is rampant a rapid effective method for confirming multidrug resistant tuberculosis is definitely desirable and the BacT Alert 3D system was found an effective method when compared to the 'gold standard' LJ proportion.
Mycobacterium tuberculosis is one of the most successful of human pathogen. About a third of the world's population is infected with it. There are approximately 9 million new cases of every year, with 2 million deaths [1] . The global resurgence of tuberculosis (TB) and the increase in multidrug resistant (MDRTB) strains has led to a concomitant increase in demand of susceptibility testing of isolates to first (Streptomycin, Isoniazid, Rifampicin, Ethambutol, Pyrazinamide) and secondline antitubercular (ATT) drugs (Ethionamide, Amikacin, Kanamycin, Capreomycin, Ciprofloxacin, Ofloxacin, Levofloxacin, Cycloserine, Rifabutin etc). Using the conventional antimicrobial susceptibility testing (AST) with solid media such as Lowenstein-Jensen (LJ) proportion or Middle brook 7H 10 or 11 agar, time taken is usually more than 3 weeks and the procedure is tedious [2] .
Drug resistance in tuberculosis has been prevalent from the time the drugs were introduced for therapy. In India, most information of the drug resistance is based on presumptive clinical diagnosis as facilities for sputum culture and susceptibility for mycobacteria are restricted to limited centers [3] . In 1993, the Centers for Disease Control and prevention (CDC) laid down the criteria for the diagnosis of M. tuberculosis [4] . The results of smear should be available within 24 hours of collection, culture in liquid medium should be done to detect growth in 10-14 days and AST should be available in 15-30 days after collection of sample. As a direct corollary to this there was an increase in use of automation in mycobacterial culture and sensitivity. The first system used for detection of Mycobacterium in clinical laboratories was the radiometric, semi-automated BACTEC 460. This had several drawbacks like radioactivity, increased exposure to the infection due to manual handling, invasive technique and increased rates of cross-contamination [5] . Subsequently, several systems were developed which used non-radiometric methods of estimating growth. The foremost amongst these are the BacT Alert 3D system, ESP/Trek Systems, Mycobacterial Growth Indicator Tube 960 (MGIT), etc. [6] [7] [8] . The radiometric and non-radiometric systems have been evaluated extensively for isolation and susceptibility to first line anti tubercular agents [9, 10, 11, 12, 13, 14] . Very few studies have been conducted to evaluate the second line antitubercular drug susceptibility testing [2, 14, 15] .
In the current study an attempt was made to standardize first and second line anti tubercular drug susceptibility testing using the BacT Alert 3D system in a DOTS referral centre, in a tertiary care government-run hospital in New Delhi, India.
Material and Methods

Study Site and Strains
A total of 13,982 samples were received in the laboratory over a 35-month period (August 2002-June 2005). Amongst these 11,468(78.5%) were pulmonary and 2514(17.2%) extra pulmonary (synovial aspirate, lymph node aspirate, tissue biopsy, CSF, pus from abscess etc) cases. All samples were processed as described below and stained by Ziehl Neelson's method. Pulmonary samples (2371) from patients who showed recurrence or therapeutic failure (Cat II of DOTS) were processed by culture using manual (LJ method) and automation (BacT/ Alert 3D, Biomerieux, France). All (2514) extra pulmonary samples were processed by both culture methods.
An average recovery rate of 61.9% was observed in pulmonary samples and 33% in extra pulmonary isolates.121 isolates of Mycobacterium tuberculosis were randomly selected, 67 pulmonary and 54 extra pulmonary strains were subjected to first and second line susceptibility testing using both methods.
Samples Processing for Culture LJ Method [16] Decontamination of the samples was performed using the modified Petroff's method. The deposit was inoculated onto LJ medium and incubated at 35-37°C aerobically. The samples from sterile sites were inoculated without decontaminationsterile clear fluids were centrifuged and the deposit was inoculated, turbid thick pus was inoculated directly. The LJ cultures were observed bi-weekly till a period of 8 weeks.
Automation; BacT Alert 3D System, [5, 6] The BacT/Alert MP contains the modified Middle brook 7H9 broth with casein, bovine albumen and catalase. To 10ml of this medium, 0.5ml of reconstitution fluid (Tween 80, glycerol and amaranth) was added, with or without antibiotics, depending upon whether the sample was contaminated. The antibiotics supplement (MAS supplement) consisted of trimethoprim and vancomycin. Samples were decontaminated and 0.5ml of the processed sample was inoculated aseptically into the BacT/Alert MP bottle. These were then inserted for incubation and detection in the equipment. The bottles were read every ten minutes in the machine and as a bottle flagged positive, it was removed and further identified.
Confirmation of Isolates
All positive cultures were confirmed using various conventional tests as described [17] . These included ZN smear, catalase, nitrate reduction test, para nitro benzoic acid testing and Accuprobe test for confirmation of M. tuberculosis complex [18] .
Antimicrobial Susceptibility Testing
AST was performed by the conventional proportion method using LJ medium and automation in the BacT Alert 3D system [6, 9, 10, 11, 12, 13, 14, 15, 16] . All the LJ subcultures of Mycobacteria were ≤3 weeks old and ≤36 hours, in the BacT/ Alert MP bottle.
Antimicrobial Agents
The drug powders were obtained from Sigma, St Louis MO. The first line agents were: streptomycin, isonizaid, rifampcin, ethambutol, pyrazinamide. The second line agents tested were: ciprofloxacin, ofloxacin, amikacin, capreomycin, kanamycin and ethionamide. All the agents were dissolved in sterile distilled water (SDW) to make the master solution (10,000µg/mL). The stock solutions were stored in small aliquots at -70°C. Working solution (1000µg/mL) was prepared on the day of the tests and added to the LJ medium and MB Bact medium to achieve the critical concentration (Table 1) [2, 6, 9, [11] [12] [13] [14] [15] . At least 3 critical concentration of each of the drugs were tested in the BacT Alert 3D system to determine the ideal concentration for the strains prevailing in the local environment Pfyffer et al. 1999 ). For proportion testing using LJ medium only relevant critical concentrations were used [16] . LJ Proportion Method [16] The bacterial suspension was prepared by picking 2-3 loopful (3mm internal diameter) of colonies into 0.2ml sterile distilled water in a screw capped (approximately 4mg moist weight of the growth on LJ medium). The colonies on the drug free medium expressed as a percentage. One percent or more of growth is considered as resistant for all drugs.
BacT Alert 3D Proportion Method [6, [9] [10] [11] [12] [13] [14] [15] The BacT/Alert MP bottle containing the growth of Mycobacterium tuberculosis (≤36 hours, subculture, then the growth was diluted 1:1 in sterile distilled water). This formed the direct growth control of approximately Mc Farland no.2 (DGC). This was put into all drug containing and control bottles. A 100-fold dilution of the DGC (0.1ml of DGC + 9.9ml of SDW) was prepared and 0.5ml was added to another BacT/ Alert MP bottle and this was the 1% growth control (1% GC). These bottles were incubated in the system at 35°C for 12 days and monitored every 10 min to detect growth.
An isolate was considered as resistant if the bottles containing the drug flagged positive at the same time or before the 1% GC. An isolate was considered susceptible if the bottle containing the drug remained negative during the test period or flagged positive after the 1% GC. If the DGC did not flag positive in 12 days the test was invalidated and had to be repeated.
Results
The resistance pattern of the drugs, as detected by LJ which was taken as the 'gold standard' for comparison, was in the order of isoniazid being the least effective (44.6%) followed by ethambutol (17.4%) and rifampcin ( ethambutol, resistance to >3 drugs was seen in 8.3% cases (Table 3) . There was no mono-drug resistance seen to Streptomycin, Capreomycin, Amikacin, Ciprofloxacin and Ofloxacin. Fifty seven strains (47.1%) were sensitive to all drugs tested. Resistance to all the drugs was observed in 2 isolates (1.7%) each of pulmonary and extra pulmonary cases (Table 3) . Multidrug resistant isolates (Isoniazid and Rifampicin) were 15.7% by both the methods (Tables 2 and 3 ) MDRTB was 1.7 times more in pulmonary isolates as compared to extra pulmonary using both methods. Amongst the second line drugs maximum resistance was seen to Kanamycin (7.4%) ( Tables 2 and 3 ) There were 4 strains that were resistant to quinolones and these were resistant to all the other drugs tested in the study. Two of the isolates were recovered from two patients who had extra pulmonary TB (synovial tuberculosis and jaw abscess) which went on to become miliary tuberculosis as both the patients were immune-compromised. One of the patients with an all resistant isolate had pulmonary disease was lost to follow up and the sputum of the fourth patient continued to be positive for Mycobacterium tuberculosis in spite of medication and eventually the patient expired. The average time taken to detect resistance by the LJ proportion method ranged from 18-32 days with an average of 20 days. The BacT ALERT 3D system took 4-12 days with an average of 8 days. There was a 40% reduction in time using the automated machine. The drug resistant isolates took ≥10-12 days by automation and 27-32 days by LJ method to grow which, was longer than the sensitive isolates.
Discussion
In India 8.8 million persons are infected with tuberculosis and 3.5 million are open cases. Every year there are 2.2 million fresh cases [16] .
There are several problems compounding the issue. The parallel Hiv epidemic, socio-economic constraints, primary and secondary MDR TB and diagnostic delays are factors contributing to spread of this disease [15] . The basis of the RNTCP, India, which follow the DOTS guidelines, is smear microscopy. This is a cheap test although it has low specificity and variable sensitivity [16] . Conventional methods of isolation although specific, take 4-6 weeks time and have variable sensitivity depending on the type of sample. Susceptibility tests take another 3-4 weeks time [2, 4] . This delay can result in increased transmission of tuberculosis, which is hazardous in cases of MDR TB. Thus rapid diagnosis and results of sensitivity are crucial in curtailing this emerging disease. Automation and molecular biology have contributed significantly in TB diagnostics.
The radiometric BACTEC 460 system was the earliest method of automation to be tried and antimicrobial susceptibility testing by this method is considered to be the gold standard in automation. It is a rapid and effective method but the use of radioisotopes and semi automated technique are a definite disadvantage [5] . There are several nonradiometric techniques, these include the colorimetric BacT ALERT 3D system, MGIT, ESP-II /TREK system, phage based assays, Micro well Alamar blue assays, Bioluminescence method, MODS etc. [6, 8, 9, [19] [20] [21] .
The colorimetric method using the BacT Alert 3D system is relatively new. There are reports of antibiotic sensitivity testing using this method, especially for second line antitubercular agents [2, 6, 11, [22] [23] [24] . This system could perform the susceptibility testing in 8 days compared to 20 days by the LJ-method. There was a 40% reduction in time using the automated machine. The drug resistant isolates took ≥10-12 days by automation and 27-32 days by LJ method to grow which, was longer than the sensitive isolates. The drug resistant isolates took longer to grow compared to the sensitive strains by automation; a similar finding has been reported by Toungoussova et al. [24] . The time taken to perform susceptibility was well within the time frame of 4weeks delineated by Tenover et al. [25] .
The critical concentration for use with the BacT ALERT system has been elucidated earliest by Beer et al. and Pfyffer et al. using the BACTEC [2, 6] . In the current study three to four different concentrations were tested for each drug and each test was repeated three times to validate results [2] .This was then compared with the LJ proportion method. There was 100% agreement in drug susceptibility testing by the two methods for rifampicin, streptomycin, ethionamide, ciprofloxacin, ofloxacin, amikacin, capreomycin and kanamycin. Similar results were observed by several workers ranging from 90-100% for various drug tested [2, [9] [10] [11] [12] [13] [14] [15] [22] [23] [24] .
The sensitivity to detect resistance was high for all drugs at 100%. The specificity of automated system i.e. its capacity to detect sensitive strains was also high at 100% for streptomycin, rifampicin, ethionamide, ciprofloxacin, ofloxacin, amikacin, kanamycin and capreomycin. In present study lower sensitivity was observed for pyrazinamide (98.3%), isoniazid (95%) and ethambutol (94.7%). 100% sensitivity and specificity was reported for Rifampcin, followed by INH and pyrazinamide although streptomycin and ethambutol gave lower sensitivity and specificity [12] . Angeby KAK et al. have reported 100% specificity to first line drugs and 100% sensitivity for ethambutol followed by 96% for isonizaid, 92% for rifampcin and 78% for streptomycin [10] . Barreto et al. reported 100% sensitivity and specificity of or amikacin, rifampicin and ofloxacin [11, 14] .
Poor correlation with false resistance by BacT Alert 3D system was observed to ethambutol and isonizaid; such inaccuracies have been reported for ethambutol by other workers [12, 14] . Ethambutol testing using the BacT Alert 3D system has been a subject of review due to certain factors like presence of borderline resistant isolates which are picked up better by the solid media where accurate colony counting is possible. The low PPV with ethambutol (68%) as seen by us was also observed by Brunello and Fontana (54.5%). They explain this to be due to the drug being bacteriostatic and also the mechanism of detecting growth in the BacT Alert 3D, which detects CO2 production. Ethambutol being bacteriostatic, all the TB bacilli in the bottle are not killed, the borderline resistant strains that survive produce enough CO2 to cause a detection in growth sensors which gives rise to a positive flash and detection as resistant. This is particularly true if the initial inoculum is more than 0.5-1 MacFarland and the MIC of the strain is borderline i.e. near the critical concentration [12] . According to Madison et al. use of two critical concentration of Ethambutol (a low and high concentration) also did not give any further improvement in accuracy when compared to agar proportion [26] . This could be important as ethambutol is used in first line regimen. Another significant factor is the presence of two large cohorts of multi drug resistant isolates in India-the classical isoniazid and rifampicin and another to isoniazid and ethambutol, as observed in the current study.
MDRTB was detected in 15.7% isolates by both the methods in the study. This is very desirable that automation performed as well as conventional methods in detection of MDRTB. Similar levels of MDRTB have been reported by various workers from different parts of the country 16% by Hemrani et al. and a higher level was reported by Malhotra et al. (24.3%) [27, 28] . A recent report released by WHO suggests that primary drug resistance is 5% in India and secondary resistance is 17%, which, is very similar to our results [1] . In some areas acquired MDRTB is as high as 58% [29] . A recent study from North Pakistan reports 28% MDRTB with INH having highest resistance at 37% [30] . Isoniazid, mono-drug resistance was very high in the current study, 48.8% followed by ethambutol at 23.9%.
Hemrani et al. have also reported high INH resistance at 65.2%. They have also reported high resistance to second line agents, 28.9% to Kanamycin and 12% to ciprofloxacin. Globally also reports of increasing MDRTB have been documented over the years [11, 14, 15] .
In conclusion, automated methods of sensitivity testing could expedite laboratory results, greatly aiding clinicians in the management and control of drug resistant tuberculosis. The rapid methodology could be used to initiate automation at the peripheral health setting-a hitherto unmet need in countries like India.
